Introduction
In a very short time span, the power conversion efficiency (PCE) of organic-inorganic hybrid perovskite solar cells (PSCs) designed for outdoor application have been approached over 22%. [1, 2] Noticeably, very few studies have been reported regarding their potential to indoor applications for low power consumption wireless electronics such as internet of things (IOT) and self-sustainable smart housing. [3] [4] [5] Prior to mesoscopic structure, planar device architecture is currently widely employed to fabricate high-performance PSCs by its merits of low-temperature and solution-processing. [6] In a planar PSC, hole-and/or electrontransporting layers are always introduced to manipulate the carrier behaviour in the device.
Particularly, a suitable interfacial layer can boost the indoor photovoltaic performance by improving the carrier extraction and reducing the sheet resistance effectively. [3] [4] [5] In addition to the tailoring role of the energy levels, the upper interfacial film can also act as a significant protecting layer for the perovskite layer. With a suitable upper interfacial layer, it is prone to retard the infiltration of moisture and oxygen, resulting in a slow-down of the perovskite decomposition. For example, bathocuproine (BCP) is commonly used as an buffer layer in the inverted planar PSCs. [1, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] additionaly, BCP functions as hole blocking layer due to it deep valence band. However, unfortunately BCP suffers from poor film formation with inhomogeneous morphology due to its easy recrystallization. Recently, ionic liquids (ILs) have attracted much attention as ideal candidates for replacing of traditional organic semiconductors owing to their advantages of low volatility, high ion conductivity, and excellent thermal stability. [17] [18] [19] [20] Particularly, alteration of the anions or the length of alkyl groups allows a fine tuning of the physicochemical properties of ILs, which enable them deliver wide application in batteries, [20] [21] [22] capacitors, [23] [24] [25] fuel cells, [26, 27] and photovoltaics [28] [29] [30] [31] [32] [33] . For examples, some ILs with unique physicochemical properties have been utilized as the interfacial layers in organic solar cells and PSCs. [30, 34, 35] The noctorious problem of halide migration in PSCs results in formation of a net positive charge on the crystal surface. Figure 2b , the perovskite layer deposited on glass showed the strongest PL intensity, reflecting a good quality of perovskite films used in this study. [36, 37] The PL intensity showed corresponds to an average of all potential recombination mechanisms across the entire device, [38, 39] was determined by fitting the TPV curves. The differential capacitance (DC) was used to calculate the charge carrier density. [40] As observed from Figures 2c and 2d, the τ value showed an obvious increment at the same carrier density when replacing of BCP by
[BMIM]BF4. We ascribed it to the reduction of recombination rate owing to the better trap passivation by PCBM/[BMIM]BF4. Furthermore, thermal admittance spectroscopy measurements were further carried out to evaluate the extrinsic trap sites and defect energy distribution in BCP-and [BMIM]BF4-based PSCs. [41, 42] As shown in Figure 2e , the trap density of state (tDOS) in [BMIM]BF4-based PSC was reduced at the shallow trap region of 0.25~0.45 eV compared to the BCP-based device. This is a direct evidence of the passivation effect caused by the homogeneous distribution of [BMIM]BF4 layer. Generally, the traps on the perovskite surface and at the grain boundaries can be filled by the solution-processed PCBM or fullerene derivative layer. [43, 44] However, the PCBM layer suffers from pinholes which could not be covered by the BCP layer due to its rapid crystallization. In fact, BCP is prone to aggregate with small domains on the surface of the PCBM layer, resulting in the Figure S3 and Table   S3 ). In addition, [BMIM]BF4-based devices also exhibited good performance under even lower light intensity such as PCE of 25.7% under 500 lux and PCE of 19.5% under 100 lux (Supporting Information, Figure S4 and Table S4 ). To investigate the potential application in large-scale, PSCs with an active area of 4 cm 2 were fabricated. As shown in Figure 3f and 
Cell Stability
Cell stability is a critical factor in determining the practical application of PSCs. 
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Materials and Solution Preparations: Methylamine (24 mL, 33 wt% in absolute ethanol), hydroiodic acid (10 mL, 57 wt% in water), 1-butyl-3-methylimidazolium tetrafluoroborate 
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Supporting Information is available from the Wiley Online Library or from the authors. [BMIM]BF4 films with varied time from 0~420 s. 
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